Abstract

23
The wide variety of infant formula available on the market can be confusing for parents and 24 physicians. We aimed to determine associations between predominant type of formula used 25 from birth to 4 months and parental and child characteristics and type of physician consulted; 26 then to describe relations between type of formula used and growth. Our analyses included 27 1,349 infants from the EDEN mother-child cohort. Infant's feeding mode and type of formula 28 used were assessed at 4 months by maternal self-report. Infant's weight and height from birth 29 to 4 months, measured in routine follow-up were documented by health professionals in the 30 infant's personal health record. Anthropometric z-scores were calculated by using World
31
Health Organization growth standards. Multinomial logistic regression was used to identify 32 factors associated with type of formula predominantly used; relations with growth were 33 analyzed by linear regressions. Partially hydrolyzed formulas were more likely to be used by 34 primiparous women (p<0.001), those breastfeeding longer (p<0.001) and for infants with 35 family history of allergies (p=0.002). Thickened formulas were more often used by mothers 36 returning to employment in the first 4 months (p=0.05) and breastfeeding shortly (p<0.001).
37
No significant relation was found between infant growth and type of formula (p>0.20).
38
Infants breastfed shorter showed higher weight-for-age (p<0.001) and length-for-age 39 (p=0.001) z-scores changes between birth and 4 months. The use of a specific type of infant 40 formula seems to be mainly related to parental characteristics. Infant's growth in the first 4 41 months is related to other factors than to type of formula used.
Introduction
47
The benefits of breastfeeding on child health are well described in the literature (Van 
66
The prevalence of overweight children is rising and there is a strong evidence for an 67 association between rapid weight gain in infancy and later obesity (Stettler 2007 Béthune, France) and infant feeding at maternity discharge.
100
At 4 months, mothers completed questionnaires on which they reported infant's weight and 101 length measured every month since birth in routine follow-up and documented by health 102 professionals in the infant's personal health record (kept by the mother). Data on mothers' and the duration of consumption of each: less than a week / between 1 week and 1 month / 107 more than 1 month but less than 4 months / since birth.
108
Generated variables
109
In order to classify infants, because of frequent formula changes in the first 4 months in 110 our sample, we estimated from the information collected the total duration of exposure to 111 each type of formula. Infants were included into a specific predominant formula category if 112 the total duration of exposure to that formula was higher than the total exposure to any other 113 formula. Our study focused on regular, partially hydrolyzed, thickened (but not enriched in 114 pre-or probiotics) and enriched in pre-or probiotics (thickened or not) formulas as these four 115 types were the most consumed in our sample (Figure 1 ). We created a class 'others' with 116 infants who were equally exposed to different formulas, or who had predominantly consumed 117 formulas such as extensively hydrolyzed protein formula but were too few to constitute a 118 class of the variable of interest.
119
Duration of exclusive breastfeeding (only breast-milk as milk feeds) from hospital 120 discharge to 4 months was calculated using the information recorded by midwives at 121 discharge and self-reported maternal feeding practices in the 4-month questionnaire for 122 infants who received both breast-and formula-milk during their first 4 months of life.
123
Since children's measurements were not collected at the same time point, we predicted 124 individual infant weight and length at 4 months using non linear mixed effects models. 
141
In order to facilitate comparisons of our data with other international studies, we used these 142 predicted values to obtain weight-for-age (WFA), length-for-age (LFA) and weight-for-length reported weight by the father (14.9%) was used, and reported height by the father (13.9%) or
151
by the mother (7.6%) was used. Underweight was defined as a BMI (kg/m²) <18.5, normal
152
weight as a BMI of 18.5-<25, overweight as a BMI of 25-<30 and obesity as a BMI ≥30.
153
Because of small number of underweight fathers in the EDEN cohort (n=19; 1.0%), we 154 grouped together fathers in the underweight and normal BMI categories. Parental heights
155
were divided into quintiles.
156
To handle missing data, we proceeded as following: when percentage of missing value was 157 lower than 5%, we imputed the modal class value (all except sex, EBF duration, gestational 158 age, birthweight, paternal height and BMI) and when percentage of missing values was higher 159 than 5%, they were grouped into a separate category (paternal height).
160
Study sample
161
Of the 2,002 recruited women, 96 were excluded because they left the study before or at 162 the time of delivery for personal reasons, 4 because of intra-uterine death, and 3 because they 163 delivered outside the study hospitals. Data on birthweight were available for 1,899 newborns.
164
We excluded 232 infants because the 4-month questionnaire was unavailable. When 165 compared to the included mothers, the excluded mothers were less educated (29.7% vs. measured by adjusted odds ratios estimated by multinomial logistic regression.
181
Relation between growth and type of formula were analyzed by multiple linear regressions.
182
The dependent variable was the change in z-score between birth and 4 months (Δ z-score),
183
which was the difference of z-scores between birth and 4 months. once and 77 % of the time for those whose formulas changed twice or more.
205
In the sub-sample with available data on growth (n=1,239), 1.3% of infants had a WFA z-206 score > 2 standard deviation at birth and 0.3% at 4 months. The mean z-scores at different 207 ages and by type of formula are presented in (Table 2) . BMIs on the other hand on infant growth (all p>0.10).
236
In a sensitivity analysis, we ran the same models, excluding premature infants 
283
Our study goes further, analyzing associations between type of formula used and parity, and showing that multiparous (3 or more deliveries) use more often regular formula than others.
285
Even if global family income was not related to type of formula, the previous associations during the study period. However, we acknowledge that our analyses cannot attribute cause 340 and effect.
341
In our study, maternal obesity was related to a significantly slower weight growth while and others) in the first four months of life seems to be essentially related to maternal return 361 to employment, parity and parental history of allergies.
362
 Infant growth was not related to type of formula predominantly used in our study.
363
 Infants who were breastfed shorter showed higher growth between birth and 4 months.
364
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